The data presented by Kemps, De Rammelaere, and Desmet (2000, this issue) appear to have some aspects that fit most readily into our own model (Baddeley & Hitch, 1974) , while others appear to support that of Pascual-Leone (1970) . We accept that our initial model said little about development and was better able to account for relatively simple memory-based tasks than more complex cognitive activities. More recent elaborations of the model are, however, able to throw new light on the processes underlying cognitive development, offering a better account than that provided by existing neo-Piagetian interpretations. Meanwhile, the addition of a fourth component to the model, namely the episodic buffer, offers a way of dealing with more complex cognitive activities. Given the major differences between our own model and that of Pascual-Leone in basic assumptions, and in theoretical style, we suggest that any attempt to combine the two would be premature.
reflects the greater emphasis of the Baddeley and Hitch model on the subsidiary visual and verbal slave systems of working memory, rather than the central executive, in contrast to Pascual-Leone's emphasis on more complex and executive aspects of cognition. Should the two models therefore be combined so as to take advantage of the best features of each?
Let us begin by accepting that the central executive is the least well understood component of the Baddeley and Hitch model. Furthermore, the model was developed to account for adult data; while there is now considerable research on its application to the processes of development, the need to account for developmental change is less central to the model than to that of Pascual-Leone. There are, however, major differences between the two approaches in theoretical style, suggesting that an attempt to combine them would be worthwhile only if the potential advantages were clear. We begin by outlining these differences, and then we go on to discuss the strength of the evidence presented by Kemps et al. before proceeding to discuss the way in which the Baddeley and Hitch model might be adapted to account for the evidence from this and other developmental studies.
The Baddeley and Hitch model represents an elaboration of earlier unitary models of short-term memory (STM) proposed by Broadbent (1958) and Atkinson and Shiffrin (1968) . It attempts to account for a wide range of data in terms of a few broad concepts, elaborating those concepts only when it is clear that simpler accounts are not viable. The model currently has three major components. One is a central control system, the central executive. It is aided by two subsidiary systems, the phonological loop and the visuo-spatial sketchpad. As we shall see below a fourth component, the episodic buffer, has recently been proposed (Baddeley, in press) . While a number of precise and well-specified models of the phonological loop have been developed (Burgess & Hitch, 1992 Henson, 1998; Page & Norris, 1998) , the overall framework remains relatively simple. In contrast, Pascual-Leone's model has multiple components including numerous general-purpose and specific schemes that vary in activation, and the operation of the model is developed mathematically. The comparative simplicity of the Baddeley and Hitch model has led to its application within neuropsychology, and to its investigation using neuroradiological imaging techniques (see Smith & Jonides, 1998 , for reviews). Neurological evidence has in turn fed into a gradual process of evolution, as illustrated, for example, by the proposal for the new episodic buffer component (Baddeley, in press) . Given the complexity of the Pascual-Leone model, with the operation of many of the components still apparently poorly specified, it is less clear how it could be applied neuropsychologically. Its link to Piaget's theory of developmental stages may also be seen as a drawback by some investigators, given the substantial controversy that still surrounds this approach to development (see, e.g., Chandler & Chapman, 1991) .
The evidence produced by Kemps et al. does seem to fit neatly into the Baddeley and Hitch model. In particular, the interaction between the effects of articulatory suppression and age is consistent with extensive evidence that strategic use of the phonological loop typically occurs only after the age of 8 or 9 years (Hitch, Halliday, Dodd, & Littler, 1989; Hitch, Woodin, & Baker, 1989) . The effects of articulatory and spatial suppression on the Corsi blocks task are also consistent with the assumption of separate slave systems. These data are inconsistent with the proposal of a single common memory system in which articulatory suppression has a general interfering effect; see for example Macken and Jones (1995) and Neath and Nairne (1995) . How strong is the evidence presented by Kemp et al. for the Pascual-Leone model? Their claim for support rests principally on the fact that performance develops with age, and that it deviates from a linear function in a prespecified way. More specifically, the Pascual-Leone model predicts that performance rises through alternating steps and plateaus spanning successive 2-year intervals. A good deal of Kemp et al.'s data, however, could be accounted for by simply noting that groups that are separated by 2 years in age are more likely to give significantly different performance than those separated by 1. This admittedly does not give a complete account of the data, but neither does the Pascual-Leone theory. What would be needed to demonstrate convincingly that the shape of the function was exactly as predicted? It would not be sufficient to demonstrate that the developmental difference between one pair of ages was significant and another was not: This could be produced simply by greater variance at one particular age. What is needed is to demonstrate a significant difference in slope between stages over which development is assumed to be stepwise, compared with the slope across those ages over which a performance plateau is predicted. No doubt other, more convincing evidence may become available, but at the present we do not feel that it is yet strong enough to encourage us to incorporate the complexities of the Pascual-Leone approach in our own model. We note with interest a recent version of Pascual-Leone's model that incorporates ideas about the phonological loop (Morra, 2000) . The model is indeed very complex, and despite this it does not address visuo-spatial working memory or neuropsychological data. So what should we do instead?
Our own research strategy has been to continue to explore developmental applications of the Baddeley and Hitch model. This has proved particularly fruitful in demonstrating the developmental fractionation of function whereby changes in the phonological loop and the visuo-spatial sketchpad have been shown to follow different developmental pathways (Hitch, 1990) . Thus, as Kemps et al.' s data confirm, the phonological loop is used more pervasively as development proceeds, with an increasing tendency to recode nonverbal stimuli. The strength of the bias toward verbal recoding is demonstrated by the observation that adults' ability to form a mental image of a nameable picture is improved when subvocal articulation is suppressed (see, e.g., Brandimonte, Hitch, & Bishop, 1992) . The fractionation of the phonological loop and the visuo-spatial sketchpad has also proved useful in analyzing developmental memory deficits associated with different types of genetic disorders. Thus, children with Down syndrome are impaired on tasks that involve the phonological loop but are relatively spared on tasks involving the visuo-spatial sketchpad, whereas children with Williams syndrome show the converse pattern (Jarrold, Baddeley, & Hewes, 1999; Wang & Bellugi, 1994) . Such a dissociation of functional weaknesses in working memory may underpin the different patterns of cognitive deficit associated with Down and Williams syndromes.
A consequence of using the Baddeley and Hitch model to study development is that this in turn provides further data on the validity of the model. A clear example is provided by the word length effect, the tendency for sequences of words with longer durations to be less well remembered in immediate serial recall tasks (Baddeley, Thomson, & Buchanan, 1975) . In the original Baddeley and Hitch model, this finding was explained by assuming that decay of memory traces in the phonological loop is offset by subvocal rehearsal, a process that takes longer for longer words. Initial developmental data fitted such an account, as children's ability to recall lists of long and short words at different ages was found to be linearly related to the speeds at which they could rehearse the items (Nicolson, 1981) . However, further developmental studies showed that children as young as 4 are sensitive to word length when recalling sequences of spoken words, in much the same way as older children and adults (Hulme, Thomson, Muir, & Lawrence, 1984) . As this age is somewhat before children acquire the ability to rehearse (Gathercole, Adams, & Hitch, 1994) , 4-year-olds' sensitivity to word length questions the explanation given by the Baddeley and Hitch model. Subsequent work showed that, unlike in serial recall, young children do not show a word length effect in probed recall, where the response to the probe is a single item (Henry, 1991) . This observation suggests that the word length effect is partly due to the output delays that occur during recall of an entire sequence. Cowan et al. (1992) confirmed that different output delays for long and short words could affect recall by studying memory for lists containing mixtures of long and short items. Furthermore, simulations of the phonological loop using connectionist modeling have successfully combined the effects of output delays and rehearsal in a mechanistic account of the word length effect (Burgess & Hitch, 1992 ; see also Brown & Hulme, 1995) . In the case of the word length effect, therefore, the Baddeley and Hitch model has not only helped describe developmental differences but has in turn benefited from the attempt to account for children's behavior.
In other work we have explored the development of the ability to combine temporary information storage with ongoing processing. We have undertaken this in the context of a variant of the Pascual-Leone model proposed by Case and colleagues (Case, Kurland, & Goldberg, 1982) . Case et al. devised a counting span task similar to the well-known reading span and listening span tasks developed by Daneman and Carpenter (1980) . These tasks are different ways of assessing working memory span, a measure of how much temporary information can be maintained while performing processing operations. Case et al. found that counting span increased during development, and that the amount of growth was predicted by the increase in the speed of processing with age. At the center of the theoretical account given by Case et al. is the idea that working memory span reflects the capacity to share resources between the dual functions of processing and storage. Processing is assumed to become faster and more automatic as development proceeds, freeing more resources for storage and hence increasing working memory span. However, Case et al. did not directly observe the resource demands of processing, but rather inferred them from changes in processing speed. A simple and plausible alternative account is that faster processing results in higher working memory span because temporary information has to be maintained for less time . According to this alternative interpretation, working memory span is limited by the rate at which recently stored information loses activation. Recent experimental evidence supports such a reinterpretation. Thus, children's working memory spans are reduced when retention durations are increased while the resource demands of processing are held constant (Hitch, Towse, & Hutton, in press; Towse, Hitch, & Hutton, 1998) . Conversely, working memory span in children is insensitive to the attentional demands of processing operations when time taken to complete processing is held constant . We note that these data present difficulties not only for Case et al.'s model, but also for the original Baddeley and Hitch model, in which the executive was assumed to share resources between processing operations and temporary information storage in a similar way. Thus, as for the word length effect, data from studying children have challenged part of the original Baddeley and Hitch model. We note, however, that the concept of the executive has undergone substantial revision (Baddeley, 1986 (Baddeley, , 1996 in order to take into account evidence from a variety of other sources, as will be described later.
A further reason for tackling the question of development stemmed from our attempts to explore the functional significance of the phonological loop. Adult patients with a pure but substantial disruption to the functioning of the loop seem to have remarkably few problems in general cognitive functioning, raising the question of whether the loop is of more than minor significance. When they are studied in more detail, however, it becomes clear that patients with very specific loop deficits have considerable difficulty in new phonological learning such as would be required for learning the vocabulary of an unfamiliar language (Baddeley, Papagno, & Vallar, 1988) . This finding suggests that the system may have evolved for the acquisition of language, a view that is further supported by work on second language learning in normal adults, and on the acquisition of native language vocabulary by both normal and specific language impaired children (see Baddeley, Gathercole, & Papagno, 1998 , for a review).
These results raise the question of the underlying mechanism. Snowling and her collaborators, for example, suggest that the developmental data may reflect some form of general phonological processing deficit, rather than a phonological loop limitation (Snowling, Chiat, & Hulme, 1991) . This account does, however, seem to have difficulty in explaining the extensive supportive data from adults who have acquired a phonological loop deficit when mature, or whose phonological loop operation is disrupted by articulatory suppression . Gathercole (1995) and her colleagues have thrown further light on the mechanisms underlying the operation of the loop by studying the effects of wordlikeness on the immediate recall of pseudowords. Wordlikeness is simply the degree to which a pseudoword resembles known words. Gathercole found that the more wordlike an item is, the greater the probability that it will be correctly recalled, suggesting a mechanism based on the activation of long-term memory (LTM). However, the subsequent acquisition of vocabulary by a child is better predicted by performance on the less wordlike items (Gathercole, 1995) . Furthermore, whereas serial recall is strongly influenced by how wordlike the items are (Gathercole, Frankish, Pickering, & Peaker, 1999) , serial order recognition is comparatively unaffected by lexicality, suggesting an effect that occurs at output rather than storage (Gathercole, Pickering, Hall, & Peaker, 2000) . Finally, performance on this recognition version of the task, despite its comparative independence from long-term learning, nevertheless correlates highly with vocabulary scores in both English (Gathercole, Service, Hitch, Adams, & Martin, 1999) and Catalan (Baques, personal communication, 2000) . This would seem to point to some form of storage that can feed long-term phonological memory, but is not dependent on it, except for the output processes involved in recall.
We hope these examples will help demonstrate that, although the Baddeley and Hitch model was not designed to study development, attempting to give an account of developmental change within the model continues to be highly fruitful. We suggest that the robustness and simplicity of the model's concepts and methods have contributed to the insights it has generated, and that these provide a solid empirical and theoretical base for extending our understanding of developmental change.
However, as noted earlier, a major advantage of the Pascual-Leone model is that in addition to accounting for cognitive development, it also focuses on the nature of the crucially important executive processes, postulating a wealth of theoretical concepts and processes. This is in contrast to the embarrassingly empty ellipse and the concept of the executive as a system for sharing resources between processing operations and temporary storage that has for too long characterized the Baddeley and Hitch model. However, while we initially chose to concentrate on the more tractable slave systems, work on the central executive has developed steadily, beginning with the proposal to adapt the Norman and Shallice (1986) supervisory attentional system (Baddeley, 1986) , followed by further attempts to fractionate the executive. Again, we have attempted to keep the model as simple as possible. We therefore proposed an executive that was purely an attentional control system, relying for storage on the slave systems and on LTM (Baddeley, 1996 (Baddeley, , 1998 Baddeley & Logie, 1999) . The next stage was to attempt to fractionate the attentional control mechanism, postulating a hypothetical split into the capacity to focus attention, switch focus, and to divide attention across two concurrent tasks (Baddeley, 1996) . Recent research has begun to provide evidence for such fractionation, having greatest success in the case of dual-task performance. Studies based on Alzheimer's disease suggest that this capacity is markedly impaired in contrast to normal elderly subjects, who retain the capacity to combine two tasks, provided the level of difficulty of the constituent tasks is matched across young and elderly subjects. Further investigation suggests that these results cannot be interpreted simply in terms of the level of overall difficulty of the various tasks, but seems to implicate a specific capacity for combining sources of information (Baddeley, Bressi, Della Sala, Logie, & Spinnler, 1991) . A similar conclusion was reached by Bourke, Duncan, and Nimmo-Smith (1996) on the basis of studies using normal subjects. Finally, functional imaging studies are beginning to appear that seem to implicate the right frontal lobes in this function (D'Esposito et al., 1995; Elliot, Dolan, & Frith, 2000) .
There are, however, other data that do not readily fit into the existing Baddeley and Hitch framework. For example, memory span for sentences tends to approximate 16 words, in contrast to a span of about 6 for unrelated words. Data from neuropsychological patients argue strongly against the assumption that this simply represents the additive combination of STM and LTM contributions, pointing to some form of symbiotic interaction (Baddeley, Vallar, & Wilson, 1987) . A related problem is raised by a subset of amnesic patients who, despite grossly impaired LTM, can nevertheless perform well on the immediate recall of a prose paragraph or story that extends well beyond the capacity of the phonological loop. A similar capacity for excellent temporary retention of a matter of at least minutes is demonstrated by Clive Wearing, a densely amnesic patient with remarkably well preserved musical skills, who can obey the repeat signs while playing a harpsichord piece, moving on appropriately after the first repeat (Wilson, Baddeley, & Kapur, 1995) . Another example is a densely amnesic patient described by E. Tulving (personal communication) who retains the capacity to play bridge, remembering the contract and even the cards that have been played earlier in the hand. All of these cases point to some form of storage that involves the temporary activation of long-term representations in order to create and maintain novel cognitive structures, referred to as long-term working memory by Ericsson and Kintsch (1995) . Performance seems to depend on maintenance on the basis of ongoing attentional resources, but raises the question of what processes are involved in combining the activated representations into a coherent episode.
In order to account for the foregoing observations and related phenomena, Baddeley (in press) has postulated a further component of working memory, namely the episodic buffer. This is assumed to act as a temporary storage system capable of holding information from the slave systems of working memory and LTM in some form of multimodal code. It is assumed to be controlled by the central executive, and to allow access through conscious awareness. As such, the mechanism is assumed to represent an approach to the binding problem, that is, the problem of how information from different sources is combined to create the perception of a single coherent episode. Postulating a new component after 25 years does not solve the deep and important problems underlying the issues tackled. It does, however, focus attention on the need for our working memory model to be able to account for the integration of information from multiple sources, and for the use of such integrated representations for building mental models and using them to plan for future action. In doing so, it might be seen as making our model somewhat closer to that of Pascual-Leone. For present purposes, however, we suggest that the two approaches should continue to develop alongside each other, in the hope that we will, in due course, reach a common solution, which, being based on different methods and sources of evidence, is likely to be all the more robust.
